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_tion of the Americen Congress on S\u'veying ard }hpping, Kansas c:lty,

e - FOREWORD . L -,

The Military Evalustion of Geographic Areas project (MEGA), U. S. Amy
Meteriel Coxmand Project No. 1.T-25001-A-131, has as one of ite objectives
the description of terrein factors in terms of their effects on military
ectivities. Presentation of tmm-effect'&m in the form of tactical
maps 1s considered to be one of the essentlel products of the project. To
be most useful, such a mep must contain counsiderable detajl; tut it must
also be of a usesble size, which implies generalization, end this in turn
implies loss of detall. A possi'ble solution for this djlemma is offered
in this peper. -

The psper was prepared for presentanon at the 196h Region& :"‘nven-

Missouri , 21&-26 September 196h o i
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RETENTION OF DETAIL IN MAP GENZRALIZATION

Warren E. Grabau, Chief, Area Evaluation Branch, and
Eugene E. Addor, Botanist, Ares Evaluation Branch, -
Mobility and Environmental Division

U, S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi

Abstract

The distribution of things in any approximately homogeneous population
can be udedhately described by a sample which is coincident with a minimal
area, and the total erea occupied by the population can be considered as
composed of multiples of this minimal area; this minimal area is here called
the "structural cell." The smallest area which can be depicted on any map is
a function of the map scale, being the smallest area in which a legible map
symbol can be drawn; this area is here called a "mapping cell." If a map is
initially compiled at such a scale that the smallest structural cell characterize
ing the populations being mapped either coincides with or is larger, at ths map
scale, than the mapping cell, all distributions can be mapped with nearly com-
plete fidelity. The reliability of such a map approaches 100 percent, Scale,
reduction of such a map implies that one or more of the structural cells beconme
smaller than the mapping cell at the reduced scale, Normally, this means that
areas of lesser extent than the mapping cell cannot be shown and are there-
fore merged into the map unit of greater occupance, resulting in a map unit
characterized in the legend as a single population, but in fact representing
areas composed of two or more populations. Such a map unit has a "reliability"
of substantially less than 100 percent. Retention of detail with scale reduce-
tion depends upon recognition of the scalar felationships between the mapping
cell and phe structural cells of the populations being mapped. The boundaries
between the units are generalized according to a set of prescribed rules, and a
legend is designed consisting of diagrammatic representations of "unit areas" in
which the relative proportions, as well as the schematic positional relations

of all populations comprising the generalized map unit are identified.

Presented at the 1964 Regional Convention of the American Congress on Surveying
and Mapping, Kansas City, Missouri, September 24-26.
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Retention of Detaxl in Map Generalization

It is coumonly held that corpilation of a small-scale map from a
large-scale rap, or from raw data, necessarily involves simplification or
the elimination of unessential detail., Miller and Voskuil (196k) express
the attitude that "gemeralizetion is a process of evajuation, selection,

.gnd emphasis," and after developing this concept, conclude that every
thematic na; presents a special provler, and "elthough the cbjective of tae map
mst be keru constantly in rird, freedom of expression must be permitted.”

A map is, &lmest by necessity, usually smaller than the territory repre-
sented, anl the reduction of scale is accompaniéd bty a proportionate loss of
detail, wrich is in other words e loss of information. But might we not agree
that it would be useful not only to miisimize this loss, but also to be consist-
ent in th: selectiun and eliminaticn of that which is lost? It is not difficult
to conceive of a situation wherein "practical experience comdined with comon
sense ané a flair for the subject" (Miller and Voskuil 1964), may be not only
inacdequai.e but even dangerous.

Fig. 1 shows a portion of a "trafficability map" of Fort Stewart, Georgisa,
(USAEWZS 1¢5h4), Tne caption states that "This map shows intelligence on

cross-ccuntry (off-road) moverment genevalized to correspond : the seaiz
cf the rz).* Eveluations different from ticse indicated hereon may occur
wn arcas too smzll to delireate.* Hence this map does not praclude necessity
for reccanzissance and other detailed intelligence for tazctical operatiois.”

Tr.e guestion is, then, does it accomnlish its objective? In a crwe
sort of wgy, prooadly it dozs; but in a2 specific way, most assuredly it does
zot. Wculd it not be helpful to know /100 muen reconnaissance effor: wiuld be
necessary in various places, or, precluling the opportumiiy for reconnaissance,
to znow tne probadility for or cgainst a successful traverse between two
given points? Wnat rules or guidelines dié the authors use to esccomplish
trelr generalizaticn? How consistently were they applied? 1In short, how

reliable is this map?

* Present author's italics.
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Again: a comparison of the legend with the mep suggests that while a
more or less distinct directional pattern exists, nonetn2less ruch of the
area is trafficable at icast during the dry period, being classified in
the A, B, and C categories. Iut a closer study o-f the accompanying text
reveals that the C ereast "will be pzssable during dry periods, but doubtful
and impassadle local spots (too small to map)* will occur [into the ary
season, i.e., into early June]." TFor an operstion in June, then, the legend
is misleadingly favorzble, whereas the descriptive material promotes hesitation.
Whet was cbusidered "too small to map"? How frequent or nuzerous are these
"local spots"? How distributed? WVhat, indeed, is the probability of a
successful cperation in June?

First, that we might not be deluded, we must admit, end keep firmly in
mind, two undeniable and imperative facts: (1) With no exceptioas, a map
can show locations and distributions of only classes of things--whether
events, objects, or whatever; a corollary of tizis is that where the data
being classed represert a continuum there will inevitably be borderline
cases, requiring subjective decisions as to waich "“class" or mapping unit
these borderline data should be assigned; and (2) no map cen ever be dbetter
than the date upon which it is based.

* These two facts are irremedizble limitations of every mep. The implica~
tions are that subjectivity cen never be corpletely eliminated from the zapping
process, and thet its effects will be furctions of the rigiaity with whica the .
class limits sre defined, and the quentity and guality of the data. It is
apparent that the relizbility of any map will be a function of the effort
expended, first in the data collection, and second in the care with which
taose data are displeyed.

Let us now apply thess general concepts concerning the nzture and limita-
tions of maps toc the construction of an irproved version of the trafficsbility
map, end, by extension, to the proper construction of any m2p on which gross
generalization would seriously detract froxm its value. It is assumed that
the purpose of the map would ju-cify the effort of gathering detoiled informs-

vion, but tnat this infcrmation rust be displayed on a map of convenient size.

fSpecifically C;, the better of tae C group, but C; is similarly described.
¥Present author's italics. )
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A standard mathod of measuring trafficadility--the ability of a soil to

support traffic by a given vehicle or class of vehicles--is to obtain two
zuzbers, tae cone irdex and the remolding index, and combining these to
groduce a single number, the rating cone index (USAEWES 1956). It is not
recessaxy to detail here *he sampling precedure, but these indices are :.. 3~

sions of certain mechanical properties of the soil, and are nmeasured by a

point saxple system--i.e., & sample which requires very little space. It is
taerefore entirely possible to sample virtually every square inch of soil,
¢ad to mep Khe data at a scale of 1:1. Such a map would have a reliability

of 100 percent. But while possible, it would hardly be practical--for obvious
reasons, not the least of which is that {the venicle occupies an srea of more
than 1 square inch.

Let us assume that the given vehicle occupies 100 square feet, or
tnerecoouts. It would not-ve impractical to sample at this density, nor

would it be impractical to map points at this density, at a very liarge
scale, say 1:1000.
let us therefore decide that the density of samples in the field will

be such as to reveal areas of this size, end the first map shall be at such
sczie that this aree will be represented by a square 0.01 foot on a sidee==

& coavenient minirum size for plotting numbers on a map.

Now, recall that the rating cone index is a ratio--i.e., & dimensionless
nusher. Realizing this, it is zpparent that it would not be realistic nor
teeningfil to m2p each nwrder, because in fact all those below a certain nurber
represent "no-go" situations, or irpassabie conditions, and all those above
“that nuzber perzit "go"; but "go" situations con be further subdivided accord-
ing to degree of go, i.e., Gifficulty oI passage, as for example, first gear,
second geer, third gear-—-or on the basis of season, etc.; in the present case
9oth of these, and perhzps others. The upper end lower limits of these "degrees
7 of go" are deterrmined by actuzl field trials, and thus will be determined the
i 8 "classes™ of taings to be mapped--i.e., the "mapping units.™ (Wnether the
“umders are plotted oa the map and the group boundaries then Getermined, or

Viether the data are ciassified before being mapped is really irrelevant,)
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sucnh a reduced scale they would be very small indeed--as witnesséd by tne

Now. as a matter of review, we have determined the clesses of things
t¢ e papped, and we have determined that some of these classes offer
cxl.ical conditions, .even though their occupance consists of quite small,
discontinuwous patches. Ve have therefore decided to obtaln a rather dense
sampling, znd to map these at a rather large scale. A segruent of the.
resultant mep might look like tzat .shown as fig. 2. .

But we have also stipulated that the finzl map must be "of convenient
size,” @nd ooviously a map at tais scale must be much too large to conveniently
serve its purpuse (planning of tactical operations), and therefore it must be
ravated, say to a scale of 1:25,000, the sczle of fig. 1; aa2d since at least
r.eue areas of tie criticel classes are qﬁte spail, it is evident that at

photographic reduction of this mep, shown at lower right in fig. 2. Many if
not most of these small areas would in fact disappe=zr, being "too small to
map,”" They would not, unfortunately, lose their significance in the territory.
Deterrine the occupancy of thae various “types,” or mapping units, in
the area being mapped.
Cy 1,37% B, = 6% C, = 67%
D_l = 21.5% C; = 3.2%

*But notice that all of these "types" excent C3 can be retained at the
reduced scale; we therefore need not be concerned with them. Ve are cone
cerned only witn the loss of C3, and with its reiationship with C;. ¥e
therefore need not be concerned with its occupancy relative to the total )
territory, but cnly with its occupance relative to Cp. If we let Cp + C3 = 1005,
and then measure the area of C3 relstive to this, we find that C3 = 55. We
notice also that the patches of C3 are more or less randon within the greater
area of C;. We are now prepared to undertale the recuction. It is showa as
fig. 3.

How at first glance this looks not unlike & tiny portion of the mep of
fig. 1, but it differs in one irportant respect. XNote that in thelegenéd, the
repping unit incdicated as C; is symbc....:d as a.composite comprised of the two
types C2 and C3, end that not only is the occupancy of C3 stated quantitatively
ia terms of percent of Cz, but its distridution can also ve interpreted.

*% This exarple is not exactly correct, since fig. 2 represents only a very
small portion of the total area being mapped. A false impressicn can be
avrided here by forgetting fig. 2 for a time, and accepting these calculsticus
&S uaving been based upon the total area of Fort Stewart. )7
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This has been accomplished simply by adding to the legend 2 descriptive
syzbel coasisting of & square divided into 100 wnits (i.e., a grid 10 x 10
units) so that each unit represents 1%, end then distributing 5 units (thus
55) rendomly within it. Sozmewhere in the descriptive text the type Cs-vould
be described just as are the other types.

There are somes variztions on this thezme which should be examined:

First, suppose that type C3 were not so wniformly distributed
throughout type C,, but instead only in soze places were these "persistent ‘
mdhoies” #gzgregated. In this event, we should have delineated on the map
the areas wherein these aggregations occurred, indicated the areas so

delineated as C3 on the mep, and supplied an additional syrmbol in the legend,

es shown in fig. k. )

Next, suppose that these "persistent mudholes"™ which we have desig-
nated C3, while exhidbiting the same pattern end distribution es suggested
gbove, actually in places occupied more of the territory than C;, i.e.,
asstez that there is in places a danse pattern of these mudholes :et into
& continuous reticulum of C,, such that in these places the mudholes occupy
65% of the area, end Cp occupies 355. Tnere is no doubt that by the stendards
used in preparstion of the rmzp of fig. i, these places would, cn the basis of
occupancy, have been delineated as €3, znd mepged as such, with the result
that the C; would have been lost in these places. Tae interpreter would then
have presumed that the srees are impassable until lster in the spring than
the C, aress, wneraas in fact with a carefully chosern (a;‘beit perheps
tortuous) route, they would be passeble.

Our solution to this prodlem would consist of, as i:efore, wapping
these places as C3, but then describing ther in the legend as shown in
iig. 5.

AZSS, 85 a corollary of these two points, it should be noted taat
in the territory the densities of rudholes might be variously distributed.

- exzsple, both of these coaditions might exist, as well as places with
izlervening densities. In tais event, a mapping unit would be erected for
ea2ch recognizable and delinmiteble populztion density. Our success in tiuls
vould Gepernd upon our ability to establish simificant population density

classes, ané to recogaize these on the ground.
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Finally, it zust be observed that in our exaemple we assumz2d that
these "persistent mudholes" exist only within type Cp, wherezs in fact,
according to the descriptive text, they are present also in C; and in By
and Bp.* Obviously the exampl.e is screwhat oversimplified, but whatever

the conditions, an epproach to a solution should be becoming evideﬁt.

It is now necessary to introduce some irportant co:icepts, which ve’
have in the preceding discucsion invoked without zcknowledgement. These
are the concepts of "horogenei ..y," of the "stmc..ural cell,"” and of the
. "mapping c€11."

The concept of hozogeneity is not new; it has beea the subject of

. much discussion by both geographers ané plant ecologists (Goodall 19;2,
Greig-Smith 1957, Cain & Castro 1959, Duncan et al 19€1), end though this
discussion has been both pro and cocn, it has not really acquired the aspects

of a controversy. The main there of tae discussion revolves about the

question of whether or not it is a useful 9oncept, in that it is often
difficult to draw the limits to that which is to be coasidered a homogeneous
population. Without reviewing th~ literatwrz, tren, it will be useful to
set forta here =n interpretaiion of the concept.

As the word implies, homogeneity rcfers to the state or quaiity of
wnifdrmity, but this sirple definition is not quite adeguate in the present
context. It must be qualified by o ¢efinition of the merbers of ithe popuia-
tion; for, in the words of Goodzll (1952, p 22%), "Rarzil (1525, 1925)

% brougit forward tae valuszble jdee thst horogeneily must depend on scele--

. that while vegetatzon (or sry pattern) msy eppear heterogeneous wien con-

= szdered in detail, on 2 larger scazle it may be hormogeneous."” Hozmogeneity
:;_ is, after all, 2 relative matter.

1 17, for exz=ple, we are concerned with a stand of trees, we can define
% ne population as beiag uniforn o tne basis of stems per wnit area, pro-
:% ] vided eny rendormly selected saople of unit area het epproximately the same
B nucber of stexs, regardless ¢f the size of the stems, regerdless of the

%2 species, éad resaraless of tte prosortion ang distribution of the species
§
= relative to eaca othe.‘ But if svectes is the subject for consideration,

¥ It snould be notea taat these "persisteat rmaaoles” in wait C are not

: enclaves of unit B; nor are these in wnit B tne same as those ia wnit C.
The differences are seasonal variations in dry:.ng tice, due partly to so0il
and partly to elevational differences.
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cnd if half of the stand consists of oaks and the other half ccnsists of
pine, then the stand must be regarced as coasisting of two populations.
But again, if the tvo species are uwmiformly distributed in 2 mixed stand,
then this will be a hozogereous mixture.

If a wooded area is occupied by trees unifor-ly distributed except for

scattereé grassy openings, then either the treces constitute a homogenedus

asserblage and the openings constitute enclaved but discrete homogeneous .

esserblages, or the two together en tolo constitute a homogeneous asserdblage
consisting%of a mixture of trees znd grassy openings. _ .
Thus a population =2y be spoken of ac being homogeneocus, by which is
ijzplied thzt the population is uniform with respect to the distribution,
occurresce, size, or other specified attribule of its merbers, whetner these )
"zervers" be stems, cak trees, osk irees with a knot on the third 1lisb, corn -

patches, barren hillsides, or whatever.
To go one step further,‘ it is often helpfui to recognize that there
sre different Zevels of homogeneity, and there are different dzgrees of
horogeneity. The difference between these is subtle: basically, degree of
homogeneity refers to the azount of variation permitted in the population,
i.e., the degree of refinemerit or crudeness of the classes; whereas level
o howmogeneity refers to the definition of the merbers of the population,
i.e., to the zind of thing being classified, i ‘
Now, olien there is a degree of subjectivity involved in cefining the - ‘

2

F=

12=
level and degree of nocrozereity whicn is to be accepted as a mapping unid EE
but this suvbjectiviiy can be zinirized., Tae degree of hozogerneiiy is a g
function of purpose, and the level cf homogeneity is a function of scele. §j

In the céeveloprment above of the trafficedbility may, the degree of nozogerneily

I

AL

was pinirized experimentally when the clesses of rating cone index vere
estoolished by field trials, end the level of horogeneity was ratker rigidly
esteblished when it was Gecided to mzke a very dense sarpling and to mep

o R
I Pl

these at a very large sczle. F¥hen this zzp was reduced, the effect of
reduced scale on this level of horogeneity, i.e., the loss of detzil, was

dinimized by the device erzployed in the legexd. .
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The plant ecologists' interest in the problem of homogeneity derives
from a desire to minimize the sarpling procedure, but to do so without
© destroying the validity of the sample. Vhatever the difficu]:ties attendant
upon delimitation of a homogenecus nopulation, such a population, oace
delimited, must necessarily be subject to statisticel analysis.
- B Statisticians are quite convinced that, given a population, thevesis
; a minimunm sample by which that population can be described with any desired
o relie.bility', and furthermore, the size of that minimum sample can be predicted
on the basis of a relativély small preliminary sample. It would seem thnat
‘ with things distributed areally, and when it is the spatial relationship
vhich is of interest, this minimum sample would becore a minimum area, and
it is nc douvbt an application of this idea from which has developed the
concept of a "minimal area" (Goodall 1952, Greig-Smith 1957, Cein & Castro
1959). :

"Minimal erea,” as defined by Cain & Castro (1959, o 167), is "tue
smallest area that provides sufficient space or combination of habitat
conditions for a perticular stand of a commmity. type to develop its essential
coxbination of species or its characteristic composition snd structure." ’

*Although this idea has been the subject of much discussion and cone
sternation (see references), there can be little doubt that, conceptually,
it is a valid statistical reesure--the discussion revolves zbout an xmcertainty'

as to its zpplication, not its velidity--and it is not necessary here Lo review

_this discussion, nor to dwell upon the minirel area concept. It is suffi-
cient to state that by en applicetion of this concept to the special inter=
pretation of homogeneity preseatéd above, there has evolved the igea of a
"structural cell," 7

In its simplest form, this ccncept postulates that there existis =
minimal areez for each and every attribuie or characteristic of any given
plant assemblege, and thzit any or all of the mininal areas noy be aifferent
from any or all of the other minimal areas for the attributes of the given
esserblage. In other words, a total plant assezblage cousists nat siszly
of & collection of specieés, but of a collection of different populations,
the "rerbers" of waich are defined as the different characteristics of the
plants. .




Let "structural cell® be defined as "ihe minimum area which includes

- o statistically sipnificant sample of all of the important varietions, in
%“erms of selected parametars, present in a given plant asserblage.” It is

thus not quite synonj*:r.ous with the "minirma) area™ as conceived by the plant

‘ecologists, since it depends upoa 2 definite statement of the atiribute or

attributes by which it iz determined; and as such nmay be a corposite sample
of several "populations" (granted, “species" may be one of these, but only
one) depending upon the vurpose of the sample. Tne problem, ihen, is to
determine $hat sample size! which minimizes the variance of the component
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Because arez2l distributions of verious thnings, e.g., tree stems .or
Tpersistent mudholes,” zre of prine consideration in cross-country mobility,
the Waterweys Experiment Staticn (USAEWES) has explored the structural cell
concept with some intensity, and with some rather interesting results (Mills

1963, Marshall Univ. 1963, 196k). Again, there is not space here to
elsborate these results; it is sufficient to stzate thatl not oaly does thne
structural cell provide a valid rmeasure of the dispersion of a population,
but it can also be used to determine the limits of that pouplation. And-
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glthough it should be obvious, it might not be smiss to point out that the
size,of the structural cell is a function of the densily of tie gopulation.
It rexeins now to exploit these two concepts in the mapping process.
It has already been shown that the smallest ares that can be shown on any
wap is dictated entirely by mechanical coasiderations--it must be large
enough to sccommodate & legible symbol. Tnis, then, shall be the definition
“of & "mapping cell"—-the srzllest ares which it is possible to Graw and ]
identify on tkhe mup being const:ucted, i.e., in which a legible symdbol
can be placed. S
Though the actual size selected as the madping cell is soxewhat optional,
it is coantrolied to some extent by the corplexity of the syxzbols to be por-
trayed, or by other ccnsiierations. But once selected, it represents tne
the territory, and the area of the territory
of the map scale., In the exa=ple &hove,
and tais represented 100

absolute minimun mappabie aree of
waich it represents is & Functisz
& 0.01=foot square was adcpted as the mapping cell,




%, -
El -

B .

% square feet on the ground. This unit was chosen in this case for the resson

that it is desiredle to keep toth sides of the scale in the seme units, ip

this case feet. It could as well nave been z cirecle of diameter 0.1 irch,

or a few millimeters, etc.
Since the mapping cell is the smzllest éefingble area on any given

zap, it follows that the mepping scheme employed must include provisions

I.I‘|...!H,L.m

f

- for characierizing sn zres of tast size as zn homogeneous unit. 3But recall

; thzt 2 str:zctural cell is the smellest arez by whicih on homogeneouns popule-

’ tion can be adequstely defiped and éascribed., Taese two assertions are
almost parzllel-<=the mapping cell is to the mep what the structurel cell
is to the territory. Tnerefore, if a map is initially compiled at such

- Scale that the smallest structural cell cherzcierizing the populations veing
zepped either coincides with or is larger then the mapping cell, the distri-
butions of 211 the vopulations can be mepsped with nearly complete figelity.

L N e e

Thne relizovility of such a map approsches 1C07.

Azain in the example_gbave, the structural cell concept was invoxed,
but only in a subtle wey. In the first case, the size, per se, of the
rudholes determined whether or nct they would be mepped,end it was thus
the mapping cell waich ex@ried the most direct control =n the mapping units.
In t'he subseguent variaiicns on the exerple, however, i.e., those in which
vere recogzized various "geasities" of the mudholes, the population
densities of the midnolss, and nob their size, forzed the besis for gelimite
ing the mepping umits. The mucholes, per se, becaxs the "merbers" of the

- populations, end the structursl cell concept wes invoked in delirmiting

B 1

-

these populziions on the tasis of depsities,
Because scale reduction inevitchbly involves gemeralizaticn of cdetail,

i

the higaly complex vc.deries vetween nepping waits drawm at large scales
beccza progressively less corplex s sciles zye reduced. Tne process of
sceie reduction then resolvas into the developmeni of an objective and
consistent method of generzlizing boundaries. ’

By definition, thne small-scale pop ks a rmepping cell which covers a
larger axea on tre ground thea does the zapping cell of the iarge-scale zap.
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‘faus if the mopping cell of the propesed small-sczle map is increzsed to
azan

+ke scale of the large-sczle map, it will de lerger t {the meppirg cell of

| 20

the large-scale map. This is illustrzted in fig. 63 if the rmapping cell is
2 circle with diaweter 0.1 inck, the ground dizmeter =t 1:20,000 is 56 yerds,
and a% 1:250,000 it is 69& yaras.

Xow, if the center of The enlarged small-scale mapping cell is pé.s’sea
zlongz a unit voundary on the large-sceale mep, and if on either side of tee
boundary, lines are drewn tenzent to the mapping cell as it is pessed aicng,
then a band will be generazted zloang the originel toundary. In fig. 7, the
boundary between prairie and forest is dra%m can mép A st a2 large scale.

Assuzme that it is to b redrawn abt a szaller scele, such that it reguires =
nappirg cell with diazzter ecuivalent to the 100-meter bar &b bottom o tae
giagrem., Clearly, & brozd bexd will be generziéd 10 include the entire avea
of interfingerizng, plus a little zoze oa each siée (fig. 7B). The small-scale
bounézry eouivalesnt is then determined in eitker of two ways: by bisecting
tke generated bené (bisection methog) (£ig. TC); or by esteblishing a third
rapping unit bouxded by ihe tzngent lines (tengent method) (fig. D).

¥ith cither rothod, the resuii will be a draestic generalization of smail’
creanylations, the eliminzijon of tongues and enclaves which cover less than

half the ares oi the mepping ce2li, etc. The characteristices of the resuliant

5, however, will bz cuiie cdifferent.

With the bisection msthod® (fig. TC), tne distribution pettern of tre
origingl units is lcst, so thet the rezcer cannot identify places where
‘enclaves or toxzues have baexz generzlized out. A1l that is reiaired is a
positive stzciexant of the reliszbility.

Witn tze tangent methoé (fig. TD) =mot only is ihere a positive statenint
of the Telidilily, but slso the pattern of distribution is reteined, enchbling
The reader to identify the plzces where teongues, ete., heve been generalized
a¥zy, The resulient rep, kRowever, is racessarily somewhel rore co:pléx than
is the ozne resulting from the bisection xathod.

ol the génersied bwnd is eccosnil Lad by imscriving withi
i e row with variidle éiusitors,

)

tangent o the boundaries of tae generiizi tand. A line ctanccting the
-

seniers of T.uece circles then bisects the band. Soxe of these circles have
Heex retaired on fig. 8.

A A
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Tnis deadés to th cmelous stzterent that, in order to

" retazin a large-scale distridbution patiern st rofzed scoles, it is often

necessary L0 eiploy 2 larger nuxber o mepding wmits., And indecd S0--
generalizations ixposed by scale ray require a more compiex syzbolic

.structure to avoid loss of meaning,

- -

Inevitably, generalizztion ty either rsthod will resuli in some bzads

100 narrow, and zreas 6o sEail, tc xab &t theé reduced scale. Thae advanteége
of the technigue lies in the faect that it offers a wzy to trezt these situ-
gtions cozdistently end oventitatively, and o retain the bolundery relstioca=

snips which otherwise would be lost. Some examples of how these zreas "£od

small to map" will ocour are shownm os "Zenied areas" on fig. 8, waich aiso
shows the Yesulis of ajplying sliernative =sihods of generalizatiion.
Whicn method of geaersiizztion is exdloyed for eny given case is
optional, b2ing in part depeadent upon the willinghess to cospromise reli-
" 2bility for sizmplicity. This in turn is somswhet dependent upon the

frequéncy anc neture of the’denied szreas. If they are infrequent, then

they will have smell influence cn the velisbility; if they ere frecuent,

out there are not recogaizsvle repetitiive patterns, the loss of reiisbility
might be more &ccépiebie then the creation of ico miny complex mepning uzits,
In =8y c&se, the decisicn as to waick rethcd will b sdopted ¥will be sozawazt
dépercant upca the purpose 6F tré mop.

Unfortiasiely; pursose it nol aiveys vasy to define, I

[

w
4
iy
ﬁ
b

-

- Y

the purssse is to coavey &s much informeticn ebout the vegetatioa in 2

cesert arés 25 is possible to retzin ot some given smell scale, then fhsre

-

necessary o decide waich showid

W

Tight otcur a ¢2se ia which it will e
portrayad wita grezter figelity--z cacius zsserdlege with nolerctely wife-spacéd
ub loose-jointed; hazardously Spiny characierisiics, or en horrendous cai'se

elaw thicket with iis léss sévere (albeit respecishble) spines vut imgencirevie

entanglezznt of branches. The sroblen I this case is to decide which nas
: content"-=2 gecision which night be equelly cifficuls whether
for the planning o cross-comiry roversnt of military trocas

&ng equip=ent or for the eamalysis of viologzicsl relationships.
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In ordcr to assure consisiency in dealing witn these situaticns, it

migat be useful to develop a set of rules, based vpon whatever considerations

seen rmost cppropriate to the circumstances, znd this set of rules would be

includeé in the descriptive text zccomvanying the mep.

Figs. 94D illustraie possible solutions to other situations. Ouvicusl:
B & )

in each of these cases there has been erployed a device for determining the
confidence values for eech mapping unit zt the smell scale. Tais is, of

course, &s ;.ras done in the example of the trafficebility map, notiing rore

than masuring tne occupance of all the classeés of taings within the re-created

units on the large<scale maps, and sransferrifig these to the legend symbol
prior to tze actuasl reduction. The greater the reductior, of course, the
sore cozplicated rust be the legend.
It must not be forgotten that the occupance values for a given mepping

it are computed upon the basis of the occupsznce of that uvnit in thae total
area being mapped. The irplicstion is that for wiits which occur in szell
discgnnééteé areas scattered veriously cver the territory, there m:st be
two characteristics common to every zres desigazied &s that unit; to wit:
the componest classes of things included in thet unit rust occupy approxi-

::‘ztely the sarte reiaiive proportions of each srea desipnazted s that unit;

"

L 4 _ . e - - - ~
and they rust 2lso exhivit 2 similzr distribuiicn palttern in each area

designated 25 that unit.

wnat is 10 ve zccevted zs "zpproxizziely ihe same proporticas” and
"similer" Gistribuiica potteran will, of course, be related o the acceptedlsd
limits of variziion in tke clesses of things being rmapped, aad, zzein, o
the willingness to compromise relisbility for simplicivy. Botk of these
rroolers have beea discussed gbove. The important point here is that ke
legend Gig-oox is the definition of the mepbing unit, ené therefore anything
rapzed as that wmiv must be properly represcatéd by the diegrem, end inter-
rretable froz it,

®ingily, since the fincl z=p is entircly dezendeat upen tne size of
tZe capping cell used in its constructicz, the cell rust always e defized

on the £2D. It is at leest ss importent oo the scale and the north arrow.

-

=
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Trnough this scherz seers o bit ccmélica"ae&, it is in fact only slightly
rore time-consuring than conventionzl izethods, wid since it is alrost entirely
rechanical, it is coénsistent; il the firel map is the result of a -:;rcup-
effort, its reiisohility is not a varisble dependént upon the arvitrer

-

decisions of the differcnt draftsren. Mot only this, but it 2lso telis the -
reader hovw accurate it is. > .
Fig. 10 is a portica of 2 very detailed map of the vegetation on the
Yuza Test Sgation in Zrizcna. The prelirinary mops vere prepared by very
cereful analyses of zerial prctograpns, and varied in scale from evcut 1:6000
to0 1:16,000. These were then reduced to 1:163,000, according to the procedure
set fort: here. On this map, wnit 4 (the symbol &t the top) is mepped as
class 1. The ccafidénce velue, however K is only 82, Tne.rexmaining 187 of
the erea consists of 125 of class 12, znd 63 of elass 8. TFurther, both
clesses B and 12 occur as tenpgues extending into class 1 eress, and further=
rore, the tonzues of class 12 aress are ususliy terminated by patches of
class 8 areas. This if the rcader has & preciseé description of the classes,
he can Grew o rather sccurate picture of tie cheracteristics znd the distri=
butions; even from this smeil-scale map.

Tainxing in different terss

-

s it is oftea uselul {o intexprec: things
in ter=Zs of probebilities. In effeci, the legend dlagrens aznd tihe coniidence

velues are stzlerents of probobilities. 2Besczuse the coniidence velue is 2

Tatérent of the proporition of Tne zrez oceupied by 2 given cless within e

™

=ap wait a8 aq wnole, it follows thal & nusdber of points selected et randes

within thet mep unit wouid, on thie averzze fall within the given c¢less In

Tercentzge o timss redresented Dy the confidence values. For exaple, 2

perachutist bailing oub over en azre2 x=zpped as unit A in fig. 10 weuld stazd
zdproxizately one chance in 17 of lanéding iz .;p@ O. Another intersrczciion

e that, if types 12 wmd § cre hazordous arop aress, & &rop in wait A
could Be oxpacicé to be epproxinately 82 effective.

— .

& T2p which permits Internretaticns such @S these would seen a thing

<o be wished.
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hevisicn for reducvion, the case waere Type C3 has occupence
greater than dess Cp

Eownéary generalizzction by eppiicaticn of the mopding ceil

A. ZLearge-cozlie rap of vowndary between two units, fidelity 1005
B. BSame nzp ot ssme scazie, with smzll-scale ranping ceil zppiled
i ‘. wish . "~5f'-?f- touniory equive-

D. Scre map 2t szme sezle, Tut with smzli~-scale bowmdary
lenis ce“e*:::.::::. Ty iangent methcéd

Ocourrzize ol L."’"-'“‘Dasle ereas resuliing from generalization Ty the

mappinz-cell fechnigcue, end zlternaiive reduced Tans

Examples of verious arvengezenis of large-scele mepzing units,
with possible smzlli-scele eguivalens )
&+ Herrow bonds o strips
3. . Torgues &nd exclizves
C. Zaclzves .
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